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VIEWGRAPH  1 


It  would  be  highly  desirable  to  receive  broad  spectrum  acoustic  signals 
over  multiple  convergence  zone  (CZ)  ranges  in  the  ocean.  Unfortunately, 
such  desires  are  constrained  by  the  realities  of  spreading  loss  and  sea 
water  attenuation  which  result  in  what  we  have  termed  the  "curtain  effect" 
[1].  In  this  paper  we  describe  the  first  part  of  our  studv-  of  multiple  CZ 
propagation;  specifically  one-way  (passive)  propagation  loss  and  its  impact 
on  ambient  noise  levels. 
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As  the  rate  of  spreading  loss  decreases  with  range,  we  sooner  or  later 
(depending  on  frequency)  reach  a  range  where  attenuation  is  larger  than  the 
rate  of  spreading  loss.  This  results  in  the  "curtain  effect"  shown  here  for 
1000  Hz,  which,  due  to  increasing  loss,  essentially  limits  any  further 
increase  in  propagation  range. 
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VIEWGRAPH  6.  TABLE 

To  put  this  in  the  context  of  multiple  CZ  propagation,  we  have 
constructed  this  table.  Interzone  losses  are  listed  for  spreading  loss  in 
the  first  column.  The  next  three  columns  presents  attenuation  at  three 
different  frequencies  out  to  the  tenth  CZ.  The  total  for  both  attenuation 
and  spreading  loss  is  shown  on  the  bottom  line.  We  have  assumed  typical 
north  Atlantic  deep  water  conditions.  Compare  the  spreading  less  encountered 
to  get  to  the  first  CZ  with  what  it  takes  to  go  all  the  way  from  the  first 
to  the  tenth.  At  100  Hz  attenuation  is  not  a  significant  factor,  while  at 
10,000  Hz  the  problem  becomes  meaningless  because  you  probably  can't  get  to 
the  first  CZ.  The  important  point  is  that  in  the  low  frequency  world  it 
does  not  take  a  large  increase  in  source  level  to  overcome  interzone  losses 
past  the  first  CZ. 
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VIEWGRAPH  7.  SOURCE  LEVELS 

To  apply  this,  let  us  consider  wind-generated  ambient  noise  in  a 
multiple  CZ  environment.  Through  the  work  of  Kewley,  Kuperman,  Carey  and 
others,  we  have  reasonable  estimates  of  wind  generated  ambient  noise  source 
levels  [3].  Note  that  the  change  In  levels  over  a  reasonable  range  of 
windspeeds  is  greater  than  the  low  frequency  interzone  losses  past  the  first 
CZ  (see  viewgraph  6).  For  example  at  100  Hz,  a  shift  from  5  to  20  knots  in 
windspeed  increases  the  source  level  by  approximately  12  dB. 
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VIEWGRAPH  8.  DUNES  MODEL  PREDICTIONS 


Using  the  DUNES  ambient  noise  prediction  model  [4]  at  100  Hz,  we  can 
move  a  patch  of  wind-generated  ambient  noise  from  one  CZ  to  another  to 
obtain  the  corresponding  levels  from  each  zone  back  at  the  receiver.  We  are 
dealing  with  the  contribution  from  each  CZ  and  are  not  considering  short 
range  noise. 
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VIEWGRAPH  9.  FJORD  DATA  (After  Hollinberger  and  Bruder  [5]) 

In  the  October  issue  of  OCEANIC  ENGINEERING,  Hollinberger  and  Bruder 
[5]  present  noise  levels  obtained  in  an  isolated  fjord.  Their  windspeed- 
dependency  is  greater  over  the  range  5  to  10  knots  than  are  given  by  the 
source  levels  developed  from  open  ocean  measurements  which  were  used  in  the 
OUNES  Model.  We  have  incorporated  the  Hollinberger  and  Bruder  data  into  the 
OUNES  predictions. 


9 


VIEWGRAPH  10.  MODIFIED  DUNES  CURVES 

These  are  the  resulting  modified  DUNES  predictions  with  the  stronger 
roll-off  at  low  windspeeds  for  various  CZs  at  100  Hz. 
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VIEWGRAPH  11.  BERMUOA  WINDSPEED  DISTRIBUTION 

To  develop  what  would  be  a  meaningful 
scenario  we  examined  the  wlndspeed  distribu¬ 
tion  for  a  typical  North  Atlantic  site, 
i.e.,  Bermuda.  Although  there  is  certainly 
seasonal  variability,  we  determined  that  the 
most  probable  wlndspeed  would  be  12  knots 
with  a  fairly  rapid  decrease  in  probability 
on  either  side.  We  therefore  constructed  the 
following  scenario.  Let  us  assume  that  the 
wind  is  blowing  at  the  most  probable 
wlndspeed  at  all  the  CZs  except  the  first 
and  let's  vary  the  windspeed  at  the  first  CZ 
and  see  what  the  resulting  ambient  noise 
levels  are. 
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VIEWGRAPH  12.  MODIFIED  DUNES  FIRST  CZ  WIND  5  KNOTS 

Here  we  have  the  result  with  the  windspeed  at  the  first  CZ  being  5 
knots,  the  other  CZs  having  the  most  probable  windspeed  (MPWS)  of  12  knots. 
The  ambient  noise  levels  are  for  a  frequency  of  100  Hz.  You  can  see  that 
when  the  windspeed  at  the  first  CZ  drops  below  the  most  probable  windspeed, 
contribution  from  other  CZs  can  dominate.  The  lower  the  local  windspeed 
gets,  the  more  contributions  can  come  in  from  the  outer  CZs.  This  suggests 
that  there  will  always  be  a  threshold  for  low  frequency  noise  which  will  be 
linked  to  the  most  probable  windspeed  throughout  the  region  and  this  may  be, 
at  least  in  part,  the  cause  of  the  "second  mechanism"  required  to  fit  open 
ocean  low  frequency  wind  generated  ambient  noise  data. 
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LOW  FREQUENCY  OCEAN  AMBIENT  NOISE:  MEASUREMENTS  AND  THEORY 

(After  Plggott  (6]) 


VIEWGRAPH  13.  PIGGOTT'S  RESULTS 

It  is  interesting  to  go  back  and  look  at  Plggott' s  results  [6]  with 
this  Idea  In  mind.  A  threshold  level  does  seem  to  occur  below  200  Hz, 
although  it  should  be  noted  that  we  have  only  demonstrated  such  an  effect 
could  happen  for  CZ  contributions.  It  may  well  be  that  other  more  local 
modes  may  Interact  in  the  same  way.  For  example,  perhaps  if  the  direct  path 
contribution  was  low,  bottom  reflected  paths  might  dominate. 
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CONCLUSIONS 


1.  THE  CURTAIN  EFFECT  LIMITS  THE  "FULL  SPECTRUM"  IN  A 
MULTIPLE  CONVERGENCE  ZONE  ENVIRONMENT. 


2.  AT  LOW  FREQUENCIES  THE  INTERZONE  LOSSES  ARE 
RELATIVELY  SMALL  AND  CAN  BE  COMPENSATED  BY  NATURAL 
SOURCE  LEVEL  INCREASES. 


3.  BELOW  200  HERTZ  EXPECT  A  WIND  GENERATED  NOISE 
THRESHOLD  BASED  ON  THE  MOST  PROBABLE  WINDSPEED  FOR 
THE  REGION. 


VIEWGRAPH  14.  CONCLUSIONS 

We  can  summarize  our  results  as  follows: 

1.  The  curtain  effect  limits  the  "full  spectrum"  in  a  multiple 
convergence  zone  environment. 

2.  At  lower  frequencies,  the  interzone  losses  are  relatively  small  and 
can  be  compensated  by  natural  source  level  increases. 

3.  Below  200  Hz,  expect  a  wind-generated  noise  threshold  based  on  the 
most  probable  windspeed  for  the  region. 


14 


TO  8805 


REFERENCES 

1.  0.  G.  Browning,  J.  J.  Hanrahan,  R.  J.  Christian,  and  R.  H.  Mellen, 
"Limitations  of  Sound  Propagation:  The  Curtain  Effect,"  NUSC  Technical 
Document  7919,  Naval  Underwater  Systems  Center,  New  London,  CT,  5  March 
1987. 

2.  R.  H.  Mellen,  P.  M.  Scheifele,  and  D.  Browning,  "Global  Model  for  Sound 
Absorption  in  Sea  Water,"  NUSC  Technical  Report  7923,  Naval  Underwater 
Systems  Center,  New  London,  CT,  1  October  1983. 

3.  D.  J.  Kewley,  0.  G.  Browning,  and  W.  H.  Carey,  "Low-Frequency 
Wind-Generated  Ambient  Noise  Source  Levels,"  Journal  of  the  Acoustical 
Society  of  America,  vol.  88,  no.  4,  October  1990,  pp.  1894-1902. 

4.  R.  W.  Bannister,  0.  0.  Kewley,  and  A.  S.  Burgess,  "Oirectional 
Underwater  Noise  Estimates  -  The  Dunes  Model,"  Australia  DST0 
WSRL-TN-34/89  (AR-005-920) ,  July  1989. 

5.  D.  E.  Hollinberger  and  0.  W.  Bruder,  "Ambient  Noise  Data  Logger  Buoy," 
IEEE  Journal  of  Oceanic  Engineering,  vol.  15,  no.  4,  October  1990,  pp. 
286-291 . 

6.  C.  L.  Piggott,  "Ambient  Sea  Noise  at  Low  Frequencies  in  Shallow  Water  of 
the  Scotian  Shelf,"  Journal  of  the  Acoustical  Society  of  America,  vol. 
36,  no.  11,  November  1964,  pp.  2152-2163. 


15/16 
Reverse  Blank 


INITIAL  DISTRIBUTION  LIST 

No.  of 

Addressee  Copies 

NAVSEA  [PMS411,  63D]  2 

JOHNS  HOPKINS  UNIVERSITY/APL  [B.  Newhall,  0.  Sweeney, 

D.  Tyler,  R.  Eakle]  4 

NRL  [B.  Palmer,  F.  Erskine,  R.  Gauss,  Library]  4 

NOARL  [H.  Chandler,  B.  Adams,  E.  Franchi  (200), 

J.  Matthews  (222),  R.  Love  (243),  J.  Caruthers  (220), 

R.  Field  (244),  Library]  8 

NOSC  [R.  Smith,  C.  Persons  (732)]  2 

SCRIPPS/MPL  [F.  Fisher,  W.  Hodgkiss]  2 

CNO  [R.  Winokur  (NOP  96T)]  1 

ONR/AEAS  [R.  Feden  (124),  K.  Dial,  E.  Chaika,  E.  Estallotte]  4 

ONR  DET,  Bay  St.  Louis  [D.  Small]  1 

NAVAIR  [G.  Persighin  (NAIR  933A) ]  1 

ARL/UT  [J.  Shooter,  Library]  2 

NADC  [L.  Allen  (5033),  B.  Steinberg  (5031)]  2 

NSWC  [E.  Hein  (U25),  M.  Williams  (U2),  M.  Stripling)  3 

NAVOCEANO  [R.  Merrifield  (PMI),  R.  Christensen  <0A) ]  2 

SAIC/McLean  [R.  Dicus,  A.  Eller]  2 

MAI  [C.  Spikes]  1 

CNO  [J.  Schuster  (0P21T3)]  1 

SPAWAR  [S.  Hollis  ( PMW  180),  T.  Higbee  (PMW  183)]  2 

ONT  [T.  Goldsberry,  C.  Votaw]  2 

PSI/NL  [S.  Santaniello]  1 

SONALYSTS  [T.  Bell]  1 


